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Abstract (Revised) 
Constitution 

A photochromic material containing the compound shown in 
general formula (1) or general formula (2) 

R * 

R 5 It O H 

R 3 R t 0 
< I ) 




R 3 R 2 



<2> 



(in the above-mentioned formulas, each of Rl, R2, R3, R4, R5, and 
R6 represents a hydrogen, an alkyl group, etc., and Ar represents 
an aromatic ring containing an electron donor group such as an 
alkoxy group or amino group) . 

Effect 

The above-mentioned photochromic material is optically 
colored with a high sensitivity in a weak acid solution or 
polymer medium, and the colored material does not fade when 
exposed to light, but the color is dissipated by heat or 
electrical energy. When optical coloring and dissipation of the 
color by means of heat (or electrical energy) is performed 
repeatedly, deterioration does not occur, and the properties are 
not affected by residual oxygen or moisture, or acid impurities. 
It is possible to control the duration of the colored state 
through adjustment of the pH of the medium. It can be easily 
synthesized at low cost, and harm to the body is low; thus, in 
addition to applications such as photoresists, printing, copying, 
and displays, it can be successfully applied to light control in 
window glass, to clothing, toys, and to cosmetic materials, and 
to other photochromic materials suitable for everyday use. 

Claims 

1. A photochromic material containing the compound shown in 
general formula (1) 
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(Structure 1) 
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(in the above-mentioned formula, each of Rl, R2, R3, R4, R5, and 
R6 represents a hydrogen, an alkyl group, allyl group, a hydroxy 
group, an alkoxy group, an aryl group, an aryloxy group, an 
aralkyl group, an amino group, an alkylamino group, a 
dialkylamino group, an arylamino group, a diary lamino group, an 
alkylarylamino group, a halogen, a cyano group, a nitro group, an 
acyl group, a carboxyl group, an alkoxycarbonyl group, an amide 
group, a condensed benzene ring, or a condensed heterocycle, and 
Ar represents the compound shown in general formula (3) or 
general formula (4) 

(Structure 3) 



R 8 




R I 1 



<3 ) 
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(Structure 4) 



R 7 




R 8 



< 4 ) 



in which each of R7, R8, R9, RIO, and Rll represents a hydrogen, 
an alkyl group, an allyl group, a hydroxy group, an alkoxy group, 
an aryl group, an aryloxy group, an aralkyl group, an amino 
group, an alkylamino group, a dialkylamino group, an arylamino 
group, an alkylarylamino group, an amide group, a halogen, a 
cyano group, a nitro group, an acyl group, a carboxyl group, an 
alkoxycarbonyl group, a condensed benzene ring, or a condensed 
heterocycle, X represents an oxygen, a sulfur, an amino group, an 
alkylamino group, or an arylamino group)). 

2. A photochromic material containing a compound shown in 
general formula (2) 
(Structure 2) 




< 2 > 



R 3 



R 2 



(in the formula, the definitions of Rl, R2, R3 , R4, R5, R6, and 
Ar are the same as those in general formula (1)). 

Detailed explanation of the invention 

[0001] 

Industrial application field 

The present invention pertains to an inexpensive and safe 
photochromic material that can be used effectively for optical 
recording, copying, printing, photoresist, and light control in 
window glass, as well as in clothing, cosmetics, decorations, 
toys, and furniture, etc. 

[0002] 

Prior art 

In the past, much research has been carried out with regard 
to organic photochromic materials such as spiropyrans, fulgides, 
and diary lethenes, but in many cases, the objective was to use 
the material as a rewritable optical recording material using a 
photoreactive mode. For this reason, the conditions required 
were very strict, and the production costs are high; thus, the 
range of application of the material was limited to high-cost 
products. However, it is desirable to increase the range of 
application of photochromic materials, for example, to use the 
material as a replacement nontoxic photosensitive agent for 
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copying, printing, photoresists, etc.; furthermore, as a material 
used for everyday uses such as light control in window glass, in 
clothing and as a cosmetic material. In order to achieve the 
objective, first, it is necessary to produce a photochromic 
material that can be produced at a low cost with high 
productivity. Meanwhile, contrary to the active research and 
development performed on natural anthocyanin dyes, research 
regarding development of photochromic materials that utilize 
glycosides or derivatives of glycosides of the above-mentioned 
dyes (anthocyanidine) has hardly been carried out. Anthocyanin 
dyes, which are widely contained in plants, such as in the petals 
of roses are comprised of a smooth mutual conversion (chromism) 
of the f lavylium type (coloring) and chalcone type (decoloring) . 
In other words, anthocyanin (f lavylium type) in the plant tissue 
exhibits a high color stability even in near the neutral area 
through formation of an associate (copigmentation) , and mutual 
conversion with the decoloring type (chalcone) takes place 
smoothly. However, in anthocyanidine (glucoside) separated from 
the natural anthocyanins, the above-mentioned special 
stabilization does not take place, and in most cases, it is 
converted to decoloring (chalcone) type in the area of pH 3 or 
higher. Synthesis of a variety of chalcones and flavylium 
derivatives and formation of f lavinium upon performing a photo 
reaction for a chalcone have been known for a long time, but a 
photochromic material comprised of chalcone-f lavinium in which 
stabilization of the coloring material, or control of the mutual 
conversion of coloring and decoloring through improvement in the 
molecular structure or reaction conditions has not been 
developed. 
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[0003] 

Problems to be solved by the invention 

The objective of the present invention is to develop a 
chalcone-f lavinium type photochromic material modeled after a 
natural anthocyanin dye, and to utilize the dye as a functional 
dye that is safe for humans and the environment and can be 
produced at a low cost and can be used for a variety of 
applications. For example, a photochromic material that can be 
safely used as a photoresist, copying, printing, recording and 
display material, as well as a functional dye that can be used 
for everyday purposes, for example, light control in window glass 
and curtains, clothes that change color, cosmetic materials, 
furniture, toys, etc. 

[0004] 

Means to solve the problem 

In order to produce a chromic system that utilizes free 
chalcone and f lavinium, it is necessary to provide adequate 
thermal stability to the coloring flavinium, and to develop a 
means to provide a smooth mutual conversion of the coloring and 
decoloring. For the above-mentioned reasons, first of all, a 
variety of derivatives having different substituents were 
synthesized, and correlation between the structure of the 
flavinium (substituents) and thermal stability was examined, and 
a theoretical study was carried out. As a result, it was 



discovered that a linear free energy relationship was established 
between the structure of flavinium (the energy level of the 
lowest unoccupied molecular orbital LUMO) and the thermal 
decoloring rate (reciprocal of the coloring stability) as shown 
in Figure 1. In other words, in a well known anthocyanidine, it 
is clear that the coloring type flavinium (1) is unstable and 
decoloring is likely to occur since the electron donor group 
(alkoxy group and hydroxy group) is included in Rl, R3, and R5, 
and that the color stability is high in electron donor groups 
(for example, amine groups, etc.) of the Ar ring included in R7, 
R8, and R9. Furthermore, properties such as the absorption 
spectra, photochromic sensitivity, decoloring by heat (or 
electrical energy) , wear resistance of repeated coloring and 
decoloring, in addition, the effect of pH, matrix, or 
temperature, etc., were examined in detail, furthermore, reaction 
mechanism was studied, and a unique and new type of chalcone- 
flavinium photochromic material was developed. 

[00005] [sic] 

The compound shown in the following general formula (1) 
(Structure 1) 
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(in the formula, each of Rl, R2, R3, R4, R5, and R6 represents a 
hydrogen, an alkyl group, allyl group, a hydroxy group, an alkoxy 
group, an aryl group, an aryloxy group, an aralkyl group, an 
amino group, an alkylamino group, a dialkylamino group, an 
arylamino group, a diary lamino group, an alkylarylamino group, a 
halogen, cyano group, nitro group, an acyl group, a carboxyl 
group, an alkoxycarbonyl group, an amide group, a condensed 
benzene ring, or a condensed heterocycle, and Ar represents the 
compound shown in general formula (3) or general formula (4) 

(Structure 3) 



a 8 




ft I 0 (3) 



R l 1 



(Structure 4) 




(In the formulas, each of R7, R8, R9, RIO, and Rli 
represents a hydrogen, an alkyl group, allyl group, a hydroxy 
group, an alkoxy group, an aryl group, an aryloxy group, an 
aralkyl group, an amino group, an alJcylamino group, a 
dialkylamino group, an arylamino group, an alkylarylamino group, 
an amide group, a halogen, a cyano group, a nitro group, an acyl 
group, a carboxyl group, an alkoxycarbonyl group, a condensed 
benzene ring, or a condensed heterocycle; X represents an oxygen, 
a sulfur, an amino group, an alkylamino group, or an arylamino 
group) ) , or 

[00006] 

A photochromic material containing the compound shown in 
general formula (2) 
(Structure 2) 




(2) 



R 3 R 2 



(in the formula, the definitions of Rl, R2, R3, R4, R5, R6, and 
Ar are the same as those for general formula (1)). 



[00007] 



The above-mentioned compound (1) and compound (2) of the 
present invention can be easily synthesized by carrying out a 
condensation reaction for the compound shown in the following 
general formula (5) and the compound shown general formula (6) 
(Structure 5) 



R 6 




* 3 R 2 
C 5 ) 



(Structure 6) 



n i 




o 



< 6 ) 

(in above-mentioned formula, the definitions of Rl, R2, R3, R4, 
R5, R6, and Ar are the same as those for general formula (1)). 
in the presence of a basic catalyst or acid catalyst. 
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[00008] 
Function 

According to the present invention , a photochromic material 
having the advantages or features described below can be 
produced, 

1. The chalcone exhibits good photochromic response in an acid 
or a weak acid solution or in a polymer medium, and coloring of 
flavinium is possible. 

2. The colored flavinium exhibits good absorption spectra (good 
wavelength separation properties with the chalcone, and at the 
same time, the degree of coloring is high). 

3. The chromic state is very stable for visible light 
(nondestructive readout by visible light is possible) . 

4. The life of the color (thermal stability) can be freely 
controlled by means of the acidity (pH) of the medium. 

5. The colored flavinium can be decolored by means of heat or 
electrical energy. 

6. Deterioration does not occur even when photo coloring and 
heating (electricity) are alternately applied repeatedly. 

7. It exhibits photochromism in a solid polymer, an organic 
solvent, or in a solvent comprised of a mixture of water and an 
organic solvent. 

8. The properties are not inhibited by residual oxygen, 
moisture, or acid impurities. 

9. The chalcone or flavinium can be very easily produced in 
high yield from inexpensive raw materials using a simple 
single- stage or two-stage condensation reaction. 
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[00009] 

Application examples 

In the following, the present invention is further explained 
in detail with application examples. 

Application Example 1 . 

Synthesis of 4'-dimethylamino-5,6-benzof lavinium (2A) 
perchlorate, and 4'-dimethylamino-5, 6-benzo-2-hydroxychalcone 
(1A) , and evaluation of photochromism properties. 

[00010] 

6.9 g of 2 -hydroxy- 1- naphtha ldehyde, 6.53 g of 
p-dimethylaminoacetophenone, and 70 mL of formic acid were added 
to a conical flask, and hydrogen chloride gas was supplied for 
6 h as stirring was performed magnetically. Subsequently, air 
was supplied for 15 min, and removal of hydrogen chloride was 
performed; 40 mL of 20% perchloric acid was added, and extraction 
was performed with 20 mL of ether, and the extract was rinsed 
with 40 mL of water. 9.99 g (yield 62%) of a brown powder-like 
precipitate was produced from the ether layer. Recrystallization 
was then performed in ethanol, and violet colored acicular 
crystals (melting point 273-274. 5°C) were produced. ^-NMR 
(DMSO-d6) 6 = 2.70 (s, 6H) , 3.10 (s, 3H) , 6.35 (d, 2H, J = 9Hz) , 
7.45-8.40 (m, 9H), 8.95 (d, 1H, J = 9Hz) . 
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[00011] 

1 g of flavinium (2A) perchlorate was dissolved in 400 mL of 
acetone, and 20 mL of a solution saturated with sodium 
bicarbonate was added, and stirring was performed for 30 min. 
Acetone was removed under reduced pressure, and filtration was 
performed for the precipitate produced in the remaining aqueous 
layer, and 0.71 g (yield 90%) of yellow powder was produced. 
Furthermore, recrystallization was performed in acetone, and an 
orange colored sheet-form crystal (melting point 189-19 1°C) was 
produced. *H-NMR (DMS0-d6) S = 2.80 (s, 6H) , 6.6 (d, 2H, 
J = 9Hz), 7.10-8.15 (m, 10H) , elemental analysis C^H^Oj: 
calculated value C 79.47, H 6.03, N 4.41%; measured value C 
79.26, H 6.05, and N 4.45%. 



(Structure 7) 
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(Structure 8) 




( 2 A) 



The chalcone (1A) and flavinium (2A) perchlorate of Application 
Example 1 

[00012] 

Evaluation of photochromic properties 

The synthesized chalcone (1A) was dissolved in a mixed 
solvent comprised of water-ethanol (1:1) (concentration = 
1.0 x 10" 5 mol dm -3 ), the pH was adjusted to 5, and a 405-nm beam 
was applied with a high-pressure mercury lamp. The change in 
spectra is shown in Figure 2. The absorption at (1A) 
(approximately 400 nm) is reduced with increase in irradiation 
time, and the absorption around 560 nm was newly increased, and 
the absorption became constant in approximately 10 min, and the 
absorption spectra at this time nearly corresponds to the spectra 
of the flavinium solution (2A, concentration = 1.0 x 10* 5 mol dm 3 ). 
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No change was observed when light with a wavelength of 500 nm or 
less was applied to the above-mentioned colored solution for a 
long period of time. The colored solution remained stable at 
room temperature for several hours, but when heated to 50 °C, the 
majority of the color dissipated in approximately 20 min, and 
chalcone (1A) was restored. The repeatability of the photo 
coloring (solid line) and decoloring by heat (dotted line: 50°C / 
20 min) of the above-mentioned solution was studied, and the 
results are shown in Figure 3. Thus, it is clear that 
stoichiometric inter conversion of the concentration of chalcone 
(O) , and f lavinium (•) takes place, and deterioration hardly 
occurs, even when coloring and decoloring are repeatedly 
performed- As shown in Table I, the thermal decoloring rate 
(reduction in the degree of absorption after heating at 50 °C for 
1 day), that is, life of coloring, varies depending on the pH of 
the medium used. 



[00013] 
Table I 



PH 






(jUbs/iio 


2.0 


0.23 


3.0 


0.23 


4.0 


0.23 


5.0 


0.23 


6.0 


0.23 



2a/w+2A) 




east 

bs/day 



100 
100 
100 
98 
97 



0.003 
0.007 
0.009 
0.035 
0.105 
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Key: 1 



2 
3 



Photo coloring rate 
Maximum coloring ratio / % 
Thermal decoloring rate 



[00014] 

Electrical decoloring of flavinium (2A) 

Instead of a heat treatment, electrical decoloring can be 
carried out for the flavinium (2A) as shown below. First of all, 
a water-ethanol mixture of chalcone (1A) (1A concentration = 
1.0 x 10' 5 mol dm' 3 , pH = 5) was poured into a standard 
spectrophotometry cell (square cell with dimensions of 
10 x 10 x 40 mm 3 [sic]), a 405-nm beam was applied from a 
high-pressure mercury lamp for 10 min, and coloring of the 
solution was performed. Subsequently, two aluminum electrodes 
were inserted into the above-mentioned solution, and when a DC 
voltage of 2V was applied (current density 0.1 mA or less, 20°C) , 
nearly complete decoloration occurred in approximately 20 min. 
The spectrum after photo coloring and electrical decoloring were 
repeated three times nearly matched the initial spectrum of the 
chalcone (1A) . Also, changes in the pH in the solution took 
place with electric decoloring; thus, it is necessary to use a 
buffer solution, but in this test, a buffer solution is not used. 
As explained above, unlike conventional photochromic materials, 
the life of the coloring (reciprocal of the decoloring rate) can 
be increased or decreased by changing the pH of the medium; thus, 
natural erasing of certain recorded information (graphic display 
or text) can be freely performed after several days or after 



several months by changing the pH condition of the medium to an 
appropriate range , for example. Also, when the pH of the medium 
is set high (short color life), coloring takes place when intense 
direct sunlight is applied and provides a shield from the light, 
and decoloration takes place immediately when the intensity of 
light is reduced; thus, it can be used as chameleon fiber that 
changes color as a result of exposure to sunlight, or a light 
control for window glass in automobiles and buildings • 
Furthermore, an additional advantage is that the state of 
coloring can be controlled by electrical energy rather than by 
heat. 

Application Example 2 . Photochromism of 4'-methoxy-2- 
hydroxy cha Icone ( IB ) 

[00015] 

Synthesis of chalcone (IB) was performed using a 
conventional method, in which stirring was performed for an 
ethanol solution containing equimolar 2-hydroxybenzaldehyde and 
4-methoxyacetophenone, and 40% sodium hydroxide solution was 
slowly added dropwise. The solution was left standing overnight, 
and recrystallization in ethanol was subsequently performed for 
the yellow precipitate. 
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[00016] 

Evaluation of photochromic properties 

The change in the spectrum of the chalcone (IB) as a result 
of photo coloring are shown in Figure 4. In other words, 
coloring takes place with high sensitivity in an acetic acid 
solution (a) when light of 365 nm is applied (quantum yield 
approximately 0.3), and the coloring state is very stable under 
heat and visible light. Also, the coloring sensitivity is 
slightly lower in polyacrylic acid film (b) , but the coloring 
state is very stable. Furthermore, the wavelength separation of 
the absorption spectra for the coloring state and decoloring 
state are good. In acid media such as (a) and (b) above, 
decoloring was difficult to achieve by heating or application of 
visible light. However, under conditions of mixed solution 
comprised of water-ethanol (1:1) (initial concentration of IB = 
1.5 x 10" 5 mol dm" 3 ) and pH = 2, photo coloring and decoloring by 
heat (50°C) took place, and it was possible to perform coloring 
and decoloring repeatedly (it should be noted that approximately 
8% deterioration is accompanied by every repetition of the 
process) . 
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[00016] 



Application to chemical actinometer 

As described above, the compound (IB) is colored with a 
relatively high sensitivity, and the chromic state is stable, and 
the wavelength separation of the spectra is good; a simple 
determination using spectrophotometric methods can be performed, 
which is very convenient when used as a chemical actinometer. 
Therefore, much research has been performed on requirements and 
conditions of chemical actinometers, and development of an 
easy-to-use chemical actinometer was carried out. The quantum 
yield (<p) of the photo coloring reaction exhibited the wavelength 
dependency shown in Table II. 



[00017] 



Table II 
Tn m 




254 
313 
334 
365 
365 



0.31 




0.35 


0.34 


0.33 


0.29 


0.27 


0.28 




0.15 
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Key: 1 Wavelength of irradiation light / nm 

2 Condition of medium 

3 Chemical actinometer used for the standard 

4 Ferric borate 

5 Furanfulgide 

6 Acetic acid 

7 (Water ethanol) 



Also, the quantum yield (in an acetic acid solution) remains 
constant against the intensity of the light applied at a range of 
2 x 10 6 to 9 x 10 6 ein min' 1 , and remains constant in the initial 
concentration of chalcone (IB) over a range of 7 x 10 s to 1 x 10* 2 
mol dm* 3 . As for the temperature, a variation of approximately 
10% [sic] in a solution temperature in the range of 5°C to 40°C 
was observed. As for coloring based on the dark reaction (30°C) , 
it was possible to ignore when the concentration of IB is 10* 2 mol 
dm* 3 or below (an error of <p does not exist) . In a water-ethanol 
mixed solution (pH =2), the value of <p becomes approximately 
half that in the case of the acetic acid solution, but decoloring 
by heat is performed after photo coloring (after use) , and can be 
used repeatedly (the value of the //please insert// remains the 
same) . Also, when the above-mentioned processes were performed 
under room light using brown-colored containers (measuring flask, 
pipet, etc.) rather than using a darkroom, measurement error did 
not occur at all. The reason is that IB does not absorb light 
with a wavelength longer than 405 nm, and the coloring material 
2B remains the same under the visible light. Compared with 
conventional furanfulgide actinometer, there are many advantages, 
for example, synthesis of the above material is much simpler, the 
cost is low, and it can be used for measurement with a short 
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wavelength light of 254 nm. As described above, compound (IB) 
can be used as a more convenient chemical actinometer. 

Applicatiyn Example 3 . Photochromism of 4'-dimethylamino-2- 
hydroxy chalcone (1C) and 4 ' -dimethylaminof lavinium (2C) 

[00018] 

Using the same method described in Application Example 1 
above, synthesis of f lavinium (2C) and chalcone (1C) used for 
marking was performed. 
(Structure 9) 




( l O 



( 2 c ) 



Chalcone (1C) and flavinium (2C) perchlorate of Application 
Example 4 

Spectral change accompanied the photochromic reaction of 
chalcone |1C) in acetic acid solution (c) , and polyacrylic acid 
film (d) are shown in Figure 4. Different pH conditions, photo 
coloring properties in a polymer film, and heat decoloration rate 
from the colored state are shown in Table III. Actually, a 
reduction | in the degree of coloring (degree of absorption) in a 
colored film produced by dispersing a chalcone (1C) in a SMA 
containing benzoic acid (10 wt%) , for example, and application of 
photo irradiation was very low even when heating was performed at 
80°C for 10 days. A colored film produced by applying photo 
irradiation to 1C in an polyacrylic acid film did not undergo 
decoloration even after 3 years (room temperature) . 



[00019] 
Table III 
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m a * ^ 


1 — 7g5 


("3) 
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^) 




( Aofc 1 B ^ 






() 

/ *-x-?y — n, p H 2.1 


0.033 

1 


0.01 


3. 1 


0 (ins 


U • U 


4.3 


0.003 


0.03 


5.0 


0.002 


0.04 




0.05 J 


0.013 


P MM A 


0.007 j 


0.010 


] PMMA + WJffiLSM 


0.039 


0.043 




0.008 


0.005 




0.024 


0.038 


SM A* * 


0.031 




SMA + lOXSASBf 


0.076 

i 


0.006 



Key: 1 
2 



Condition of medium 

Photo coloring rate (an increase in the absorption per 
1 min) 



3 Thermal decoloration rate* (decrease in absorption per 
1 day of heating) 

4 Water-ethanol pH 2.1 

5 Polyacrylic acid 

6 PMMA + 10% benzoic acid 

7 Polystyrene 

8 Polystyrene + 10% benzoic acid 

9 SMA + 10% benzoic acid 

* The polymer film was heated at 80°C, and the water-ethanol 
solution was heated at 50 °C 

** SMA = Copolymer of styrene and maleic anhydride 
[00020] 

Effect of the invention 

As explained above, the present invention has a unique 
photochromism properties, and can be easily synthesized at a low 
cost, and is relatively free from harm for the human body and 
environment; thus, it can be widely used for photoresists, 
copying, printing, display, and optical recording materials, as 
well as functional dyes for everyday use such as light control 
window glasses for automobiles and buildings, clothes, cosmetic 
materials, furniture, writing materials, and toys. 

Brief explanation of the figures 

Figure 1 shows the correlation between color stability of 
flavinium and the energy level of the lowest unoccupied molecular 
orbital LUMO. 
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Figure 2 shows the change in the spectrum of the photo 
coloring reaction of chalcone (1A). 

Figure 3 shows the change in concentration of the chalcone 
(O) , and f lavinium (•) that takes place as a result of repeated 
photo coloring (solid line) and decoloring by heat (dotted line), 

Figure 4 shows the photochromic reaction of chalcone (IB) 
and chalcone (1C) in an acetic acid solution and polyacrylic acid 
film. 
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Figure 3 

Key: 1 Temperature x 10 5 mol dm' 3 
2 Number of repetitions 
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Figure 4 



Key: 1 Absorption 

2 Wavelength/nm 
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